H ypertension or elevated blood pressure (BP) is an important risk factor for cardiovascular disease, causing >7 million deaths worldwide each year. 1 In China, 2.043 million deaths, including 1.154 million men and 0.889 million women, were ascribed to hypertension in 2010, accounting for 24.6% of all deaths. In 2013, the total expenditure on health was 3186.9 billion RMB (Renminbi, Chinese legal tender) in China; the proportional cost for the direct economic burden of hypertension was 6.61%. 2 Elevated BP remains the most important individual risk factor related to cardiovascular disease burden in China. 2, 3 Hypertension, once considered a rare disease in children, 4 is now considered a major public health problem worldwide. 5, 6 Hypertension can be progressive throughout childhood into adulthood, and elevated BP in childhood is the strongest predictor of hypertension in adulthood. [7] [8] [9] [10] [11] [12] Therefore, it is important to recognize BP abnormalities in young people for improving and streamlining pediatric primary care.
There is no national BP reference for Chinese children that considers the influence of height. Height is relevant because of the additional pressure needed to overcome gravity to perfuse the brain. 13 The Chinese Capital Institute of Pediatrics (CIP) reference has been developed previously.
14 It used local data, which may lead to some bias because of regional disparities in China. On the basis of the locally informed Chinese CIP reference, the prevalence of elevated BP reported in 2010 national children's population was 16.1% and 12.9% for Chinese boys and girls, respectively. 14, 15 On the basis of the same population above, using a United States-based BP reference 16 (which is from 2004 Fourth Report based on 1999-2000 National Health and Nutrition Examination Surveys data using 83 091 children and adolescents to establish BP criteria adjusting for age, sex, and height; and used among children and adolescents broadly not only in the United States but also worldwide), the prevalence of elevated BP for boys and girls was 6.8% and 5.8%, respectively. 16, 17 With >2-fold differences in the estimates, further examination of the Chinese youth BP standards is needed.
The US reference has been widely applied to screening elevated BP in Chinese children, despite large national differences in height and weight for youth, especially for older adolescents. A national BP reference for Chinese children based on age, gender, and height is urgently needed, which should be developed using large-scale representative data and validated with an independent dataset. In addition to being clinically useful, a national BP standard may help researchers and health policymakers develop targeted intervention strategies.
Abstract-We sought to develop and validate a national blood pressure (BP) reference based on age, sex, and height for Chinese children. Data were obtained on 197 430 children aged 7 to 17 who participated in the Chinese National Survey on Students' Constitution and Health in 2010. BP percentiles were estimated and fitted using the lambda, mu, and sigma method and then compared with a US reference and China existing reference. In an external independent validation sample of 59 653 children aged 7 to 18 from 7 Chinese provinces in 2013, the prevalence of elevated BP was compared applying the 3 references. BP values were similar for boys and girls at the younger ages (7-13 years) and lower height percentiles, whereas higher at the older ages (14-17 years) for boys than girls. At medial height in boys and girls aged 7 to 13, the 50th, 90th, 95th, and 99th percentiles of BP for the new national reference were consistent with US reference and lower than current Chinese reference. In the independent sample, elevated BP prevalence, based on the new national reference, ranged from 7.8% to 18.5% among children aged 7 to 17, which was higher than the US reference values (4.3%-14.5%) and lower than the current Chinese reference (12.9%-25.5%) in each age group. The new national BP reference for Chinese children based on age, sex, and height from large-scale and nationally representative data seems to improve the ability for identifying Chinese hypertensive children and for stratifying them with regard to cardiovascular risk. (Hypertension.
The objectives of the present study were to (1) develop a national BP reference based on age, sex, and height for Chinese children, (2) compare BP percentiles developed from the present study with values based on US and local Chinese references, and (3) validate the new national BP reference in an independent data set from China.
Methods

Study Samples
Data were drawn from 2 projects with school-aged youth in China, both adhered to the principles of the Declaration of Helsinki and the Code of Federal Regulations. Both projects were approved by the Medical Research Ethics Committee of the Peking University Health Science Center (IRB00001052-13082, IRB00001052-13034). Informed consent was obtained from both children and their parents. The procedures of 2 projects followed were in accordance with the guidelines, details of which have been published previously. 18, 19 In brief, data were anonymized and deidentified before analysis to protect their privacy. For both projects, the students underwent a complete medical examination before data collection and were excluded if they had ≥1 of the following conditions: (1) serious organ disease (eg, heart, lung, liver, kidney); (2) abnormal physical development (eg, dwarfism, gigantism); (3) physical impairment or deformity (eg, severe scoliosis, pectus carinatum, limp, obvious O leg, X leg); or (4) acute disease symptoms (eg, diarrhea, high fever) during the past month and not yet recovered.
To develop the new national BP reference, we used data from the 2010 Chinese National Survey on Students' Constitution and Health (CNSSCH), which is the largest nationally representative survey of school-age children in China. The CNSSCH is a successive cross-sectional survey designed to investigate health status in Chinese school-aged children since 1985; the sampling procedures have been published previously. 18 Briefly, all participants were selected by stratified cluster sampling; that is, sampling took place in classes selected randomly from each grade in the selected schools. Sampling yielded equal numbers at 3 socioeconomic strata (ie, upper, moderate, low) at the regional level defined by regional gross domestic product, total yearly income per capita, average food consumption per capita, natural growth rate of population, and the regional social welfare index. The present study only included data from Han children aged 7 to 17 years. Data were from 26 mainland provincial capital cities and 4 municipalities, excluding Tibet (where the Han ethnicity is in the minority). All eligible participants had lived in the same area for at least 1 year. A total of 197 669 participants had complete records on age, sex, urban/rural area, systolic BP (SBP), and diastolic BP (DBP). In each sex/age subgroup, there were nearly 9000 participants and the ratio of urban/rural approximated 1:1.
To validate the new national reference, we analyzed data from an independent cross-sectional study conducted in 7 provinces of China: Liaoning, Tianjin, Ningxia, Shanghai, Chongqing, Hunan, and Guangdong. The survey was conducted in September 2013 and adopted a standardized and uniform research protocol, described in detail previously. 19 In short, a multistage cluster random sampling was used to obtain a representative sample of children and adolescents aged 7 to 18 years. Several districts from each province were randomly selected in the first stage. In the second stage, ≈12 to 16 schools were chosen from each district with equal numbers by school level (primary/secondary) and urban/rural classification. Within the selected schools, 2 classrooms per grade were randomly selected by a staff member not involved in the survey; all students aged 6 to 18 years were considered eligible in the selected classrooms. A total of 59 653 participants aged 7 to 18 years had complete records on SBP and DBP.
Physical Examination
Participants in the 2010 CNSSCH underwent a complete anthropometric evaluation. Height (cm), weight (kg), and BP (mm Hg) were measured by a team of trained technicians following a standardized procedure. Height was measured to the nearest 0.1 cm with a portable stadiometer, and weight was measured to the nearest 0.1 kg with a standardized scale. Both the stadiometers and scales were calibrated before use. Body mass index (BMI) was calculated as body weight (kg) divided by height (m) squared (kg/m 2 ). Obesity was defined using the references developed by the WGOC (Working Group on Obesity in China). 20 Children and adolescents with BMI at or exceeding the 95th age-and sex-specific BMI percentile values were defined as obese. For both boys and girls aged 18 years, those with observed BMI ≥28 kg/m 2 were considered obese. BP was measured according to the recommendation of the National High Blood Pressure Education Program Working Group in Children and Adolescents, using an auscultation mercury sphygmomanometer (model XJ1ID, China) with an appropriate cuff for children. We chose an appropriate cuff with an inflatable bladder width that is at least 40% of the arm circumference at a point midway. And the cuff bladder length covered 80% to 100% of the circumference of the arm. The cuff was placed ≈2 cm above the crease of the right arm elbow. The child was seated comfortably for at least 10 minutes before the first reading. The feet of children were placed on a platform during BP measurement. SBP was determined by onset of the first Korotkoff sound (K1), and DBP was determined by the fifth Korotkoff sound (K5). An average of 3 BP measurements at a single visit was calculated for each child. Measurements at the survey site were conducted by a team of field professionals who had passed a training course in anthropometric measurements.
Data Management
The data were checked for logicality and integrity and had to meet the condition that SBP was greater than DBP. In addition, extreme values of BP were excluded (ie, >5 SDs from the sexand age-specific mean). On the basis of data cleaning of the 2010 CNSSCH, 239 observations (0.07%) were removed leaving a final sample of 197 430, evenly distributed by age and sex (Table S1 in the online-only Data Supplement). In the validation database, 102 observations (0.17%) were removed, leaving 59 653 observations for analysis.
Height Percentiles Reference
Height percentiles (5th, 10th, 25th, 50th, 75th, 90 th , and 95th) were computed by age and sex ( Table 1 ). The reference sample was divided into 176 groups: 8 height percentiles, with 11 age groups, for boys and girls. BP levels and classification were determined for the new Chinese national BP reference for each sex/age/height percentile subgroup.
Statistical Analyses
The new Chinese national reference curves for BP by age, sex, and height were estimated and fitted using the lambda, mu, and sigma method, 21 with the program Lambda, Mu, and Sigma Chart Maker Pro 2.3. The parameters in the lambda, mu, and sigma method are presented in Table S2 . The SBP and DBP values were calculated for the percentiles of 50th, 90th, 95th, and 99th and height percentiles for 5th, 10th, 25th, 50th, 75th, 90th, and 95th for boys and girls.
The calculated Chinese national SBP and DBP percentile values (50th, 90th, 95th, and 99th) were compared with the percentile values of the US reference 16 and the Chinese CIP reference 14 at median height. We created smoothed age-, sex-and height-specific SBP and DBP percentile value curves and compared the values to those from the US reference based on the Center for Disease Control growth charts in 2000 (www.cdc.gov/growthcharts), as shown in Figure S1 . We then conducted a validation study with an independent data set and compared the prevalence of elevated BP based on the present Chinese national reference and other 2 references (the US reference and the Chinese CIP reference). Hypertension was defined for adults aged 18 years in the validation data set as SBP/DBP ≥140/90 mm Hg. The proportions identified as hypertensive based on the new Chinese national reference and the US and Chinese CIP references were compared using χ 2 tests in the validation sample. All conventional descriptive analyses were performed using IBM SPSS Statistics version 17.0; P values <0.05 (2-sided) were considered statistically significant.
Results
Study Sample
The mean height, weight, BMI, SBP, and DBP increased with age in both sexes ( Table 2 ). The prevalence of overweight and obesity in boys was 1.5-to 2.2-fold greater than that of girls in each age group. Tables 3 and 4 show the 50th, 90th, 95th, and 99th percentiles for SBP and DBP by age (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) and height percentiles (5th, 10th, 25th, 50th, 75th, 90th, and 95th). For both sexes, the BP percentile values increased with age and height percentiles
Chinese Childhood BP Reference
Comparison to the US Reference
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Comparison to the Chinese CIP Reference
Validation Study
In the validation sample, applying the 3 reference standards, the total prevalence of hypertension varied appreciably ( Figure 2 ). Overall and for boys and girls analyzed separately, χ 2 tests indicated statistically significant differences between the BP reference values at every age level from 7 to 17 years (P<0.001). For boys and girls, aged 7 to 17, the prevalence of hypertension ranged from 7.8% to 18.5% based on the CCBP reference, 4.3% to 14.5% based on the US reference, and 12.9% to 25.5% based on the Chinese CIP reference. The curve shape of the prevalence of hypertension from ages 7 to 18 with the CCBP reference was similar to that of the US reference. Both showed that the prevalence of hypertension increased from the ages of 7 to 10 and declined thereafter. In contrast, the prevalence of hypertension increased continually based on the Chinese CIP reference from the ages of 12 to 17. For adolescents aged 17, the prevalence of hypertension was 9.1% based on the CCBP reference and 5.0% based on the US reference, which was close to that for adults aged 18 (5.0%), and far from the result for adolescents aged 17 based on the Chinese CIP reference (25.5%), especially for boys (30.1%).
Discussion
This is the first study to provide national Chinese Childhood BP percentiles for boys and girls aged 7 to 17 years with 8 height percentile groups. The reference values were developed using data covering the whole country, consisting of nearly 200 000 children and adolescents in China. This reference is intended to screen for hypertension or elevated BP in Chinese children and guide pediatric healthcare providers, in concert with sound clinical judgment. The new reference, with population estimates, also can be applied to formulate relevant health policy by government and health policymakers.
The 90th and 95th percentiles of BP by sex, age, and height percentiles from the present study can be used as threshold values to detect pre-hypertension and hypertension among Chinese children and adolescents. We recommend that pre-hypertension or prehigh BP be defined as average SBP and DBP levels that are ≥90th percentiles but <95th percentile (shaded in Tables 3 and 4) . In our study, we found those values to identify pre-hypertension, which approximates what has been recommended for adults. As with adults, pre-hypertension is also defined in children and adolescents with the average SBP/DBP of 120 to 139/80 to 89 mm Hg ranges, 6, 22, 23 whereas hypertension or high BP is defined as average SBP and DBP that is ≥95th percentiles for sex, age, and height. For clinical diagnoses, measurements should be taken on at least 3 separate occasions. Furthermore, BP should be staged if the BP (SBP and DBP) is ≥95th percentile. Stage 1 is defined by BP between the 95th and 99th percentiles plus 5 mm Hg. Stage 2 is defined by BP ≥99th percentile plus 5 mm Hg. If BP is stage 1 or stage 2 for a child, we suggest that further measurements should be repeated on 2 more occasions within the month. If hypertension is confirmed, the child should undergo further evaluation and be considered for appropriate intervention. The measurement of BP is recommended by using the auscultation with mercury, which has long been considered the gold standard and remains the main recommended method in several previous hypertension guidelines. 16, 24, 25 In addition, as the CCBP reference is used based on an average of 3 BP measurements taken by mercury sphygmomanometers, an average of 3 BP measurements would be more appropriate than 1 BP measure when this reference is used. We found that the prevalence of hypertension with the CCBP reference was close to the results with the US reference in the independent validation study, and the distributions were similar. In addition, the prevalence of hypertension based on the BBCP reference can connect smoothly to that of adults. There were notable limitations found with the locally based Chinese CIP reference, which was not based on height, 26, 27 especially among older adolescents. Height was not included in construction of the Chinese CIP reference because the sample size was not large enough to support stratification by height. The findings here indicate bias in BP values when height is not considered. Notably, the prevalence of pediatric hypertension based on the Chinese CIP reference is far higher than that reported for the same population in China. 15, 28 BP reference in children without consideration of height is inadequate and may result in inaccurate BP evaluation in pediatric medical examination especially among children who are very tall or short. [29] [30] [31] [32] A previous study indicated that the influence of height on BP may even be greater than age. 33 Because of the important determination of body size to BP in children and adolescents, the new national Chinese guidelines were developed to provide specific percentiles of SBP and DBP by age, sex, and height percentiles, 6, 16, 29, 34, 35 The US reference has been used by many Chinese researchers and widely internationally. However, its height percentiles were adopted from the American 2000 Center for Disease Control growth charts, which are not applicable to Chinese children. We found that there were great differences in height, weight, and BMI for both boys and girls in China and the United States ( Figure S1 ); the gap increased in late puberty, which may underestimate the prevalence of hypertension and reduce the accuracy of BP evaluation in children.
The present study has several strengths. First, ≈0.2 million participants of Han nationality accounting for ≈92% of the total Chinese population were included in the 2010 CNSSCH data set used to develop the BBCP reference. Therefore, the CCBP reference is widely applicable to Chinese children and adolescents. Further, the sample size was large enough so that the BBCP reference had 8 height percentiles groups (<5th, 5th, 10th, 25th, 50th, 75th, 90th, and 95th); in previous studies, the group of <5th was not available. Overall, a consistent trend in the prevalence of hypertension was found in children and adolescents aged 7 to 17 and with close connection to adults aged 18 applying both the BBCP reference and the US reference, but not the Chinese CIP reference.
Limitations of the present study should be noted. First, it may be preferable to develop a BP reference based on health outcomes in childhood or later in adulthood associated with a certain level of BP, such as target organ damage, cardiovascular morbidity, or mortality. [36] [37] [38] However, long-term and large-scale cohort studies of the type needed for validation do not exist. The procedures we used here to develop the BBCP reference were consistent with the majority of BP references. Second, BP levels in our study were obtained at a single visit, which should be confirmed on repeated visits according to the guidelines. The US reference in 2004 recommended that hypertension should be defined by using the results of elevated BP on at least 3 occasions in children and adolescents. However, the diagnosis of hypertension for adults or children mainly depends on 1 to 3 readings by a single screening visit in most epidemiological studies. 39, 40 Third, the study methods only chose Korotkoff phase 5 (K5; the disappearance of the sound) to assess DBP in children without using Korotkoff phase 4 (K4; the muffling of the sound). However, a large number of current pediatric BP references recommend the use of K5, such as the US reference, 16 the international BP reference, 34 the 2009 and 2016 guidelines the European Society of Hypertension, 6, 25 and the 2014 recommendation of the American Heart Association 41 as well as the 2016 Canadian guidelines. 42 In addition, K5 has been recommended and universally used to measure DBP in adults.
Perspectives
In summary, this study proposes a BP reference by age, sex, and height for Chinese children and adolescents aged 7 to 17 years. These are the first BP percentiles based on a large national sample and 8 height percentile categories in China. The BBCP reference will be useful for individual BP evaluation and management and for elevated BP screening in epidemiological investigations . 90th  118  118  118  120  120  121  122  122  77  77  77  78  78  79  79  79   95th  122  122  123  124  124  125  126  126  80  80  81  81  81  81  82  82   99th  131  131  131  132  132  134  135  135  86  86  86  86  86  87  88  88 DBP indicates diastolic blood pressure; and SBP, systolic blood pressure. 
